Relief of pain after surgery remains poor for the majority of patients. The pain is unpleasant, and is associated with arterial hypoxaemia, venous thrombosis, myocardial ischaemia and a more florid hormonal response to surgery. Regional analgesia, systemic, subarachnoid or extradural opioids and antiprostaglandin drugs are all used to treat pain after surgery. Systemic opioids are used usually, because regional and axial techniques are labour intensive and antiprostaglandin drugs ineffective. Opioids given orally undergo extensive first pass metabolism and intramuscular doses are absorbed unpredictably. Intravenous administration avoids both problems and excellent results have been obtained using Patient Controlled Analgesia devices, but these machines are expensive. A simple regimen suitable for application to large numbers of surgical patients is required. Continuous infusion of fentanyl 100 /-lg h-' IV begun two hours before surgery and supplemented by a single bolus dose of fentanyl 100/-lg IV provided an effective background of analgesia.
3. Increased sympathetic actlVlty leads to a release of catecholamines which has adverse effects such as hypertension followed by myocardial ischaemia and decreased blood flow to some tissues. 4. Hormonal and metabolic activity resulting from surgery and made worse by pain increases, protein breakdown and mobilisation of free fatty acids. Pain relief has no simple or universally applicable solution. Any method which is to be available to a large number of. patients must be suitable for a general surgical ward and simple routine nurse monitoring. Techniques which require intensive monitoring are unlikely to be accepted widely and will be applicable in only a small minority of patients.
Methods to relieve pain
Methods available for the relief of pain after surgery3 are shown in Table 1 .
Nerve blocks
One of the advantages of regional anaesthesia is the residual nerve block which often persists at the end of surgery and delays Anaesthesia and Intensive Care, Vol. 15 the onset of pain. In many instances it is relatively simple to prolong the blockade using longer acting drugs or catheter techniques. Inevitably, the pain relief is better than with any other regimen but nerve blocks are not used to any great extent because of the practical difficulties involved and the necessity to have anaesthetic and nursing staff continuously available.
The two most frequently used blocks are the intercostal and the extradural block. The former is effective in many types of abdominal and thoracic surgery and particularly after cholecystectomy performed through a subcostal inclSlon. Cryoanalgesia of the intercostal nerves has been attempted usually under direct vision during thoracotomy.
Extradural blockade can be maintained for prolonged periods using a catheter technique. Total pain relief can be produced either with intermittent bolus injection or with infusion of a local anaesthetic drug. However, nursing care is very important and this may be timeconsuming.
Extradural or subrachnoid opioids have been used to relieve pain after surgery. They may produce prolonged analgesia but adverse effects such as respiratory depression may limit their safety for use in a general surgical ward. 4 
Systemic analgesia
The drugs used most frequently to produce analgesia are opioid drugs. Antiprostaglandin drugs have been tested in some situations after surgery but they have not gained much popularity and have not been shown to be equivalent to opioids in the management of severe pain. Opioid drugs with differing affinities and activities at different opioid receptors have been manufactured. 5 ,6 Their use in the relief of pain after operation has been disappointing and none has been shown to be superior to morphine or other specific !i-agonists. They may have different durations of action and, in addition, x-agonists avoid the classical dependence and addiction seen with morphine. However, the majority of doctors prescribe a specific !i-agonist for the relief of postoperative pain. Improvement in analgesia is likely to come only from changes in the way in which they are administered.
Intermittent bolus administration
Opioids are usually given parenterally in the postoperative period. After oral administration, extensive metabolism in a first pass through the intestinal wall and liver means that only some 20070-30070 of the administered dose is available to the systemic circulation. A rate-controlled release preparation is available for oral use (MST) but the bioavailability may be variable after surgery.
Following intramuscular administration of opioids, the plasma concentrations may vary greatly. In surgical patients given morphine 10 mg intramuscularly to the gluteus muscle the time of peak plasma morphine concentrations varied from 4 to 60 minutes. 7 Similar variability has been described after pethidine administrations. 8 This variability may be reduced by administration to the deltoid muscle instead of the gluteus.
Variability in absorption rate and other pharmacokinetic functions contribute to the variability in the effect of drugs given by this route. As there is a large variation in the magnitude of the surgical stimulus, lack of consistency of the timing of drug administration by nurses, and major pharmacodynamic variability between patients, it is difficult to optimise analgesic therapy using this regimen. Nevertheless, it remains the most commonly prescribed postoperative analgesia.
Patient-controlled analgesia
Systems which administer any opioid analgesic drug intravenously at a rate regulated by the patient himself vary from very simple devices which only deliver repeated bolus doses when activated by the patient to sophisticated controllers which combine these boluses with IV infusion and have a variety of fail-safe features. 9 ,10 This method of analgesia is generally safe and acceptable to patients and nursing staff. It is a useful method of comparing the potency of different analgesic drugS. 11 In the future, we shall see further studies of this method of analgesia and an expansion of its use. However, it is difficult to foresee a time when enough equipment will be available for every patient undergoing surgery to have patient-controlled analgesia.
Intravenous infusion
Conventional pulsed doses of analgesic drugs result in fluctuating 'peak and trough' plasma concentrations, the magnitude of the variation depending upon the dosage regimen. This type of drug administration may result in alternating toxicity and therapeutic failure with a short period of therapeutic effect interspersed. At least theoretically it is possible to infuse the drug at a constant rate, and to achieve steadystate concentrations within a therapeutic window. Thus, efficacy is maximised and toxicity is minimised.
Pharmacokinetic calculations are simplified by constant rate infusion. If the desired plasma concentration and the drug clearance are known, the appropriate infusion rate may be calculated from the equation I Cl x C ss where I Cl infusion rate clearance plasma concentration at steady state One major drawback is the time taken to achieve steady state concentrations. This time approximates as four or five plasma half-lives and therefore takes more than eight to ten hours for almost all opioids as they have halflives greater than 2-2.5 hours ( Table 2) . Attempts to achieve the eventual steady-state concentration more quickly have included: (a) giving an initial bolus dose followed by infusion, (b) beginning with a rapid infusion rate falling to the maintenance infusion usually after 10 minutes or so, (c) giving an initial bolus and following with an infusion at an exponentially decreasing rate until the maintenance rate is reached. At the very least, the pharmacokinetic calculations and dosage regimen become more complex. However, improved analgesia after operation has been produced using an intravenous bolus and then an infusion of morphine in patients after cholecystectomy l2 and using two different rates of infusion of pethidine in patients after hysterectomy, 13 Another approach used to achieve the desired plasma concentrations quickly after surgery is to begin the IV infusion of opioids some hours before surgery, 14 This has the advantage of simplicity as the same opioid is used as premedication, intraoperative supplementation of anaesthesia and for analgesia after surgery, We have studied this regimen further using fentanyl infusion given by the Baxter Travenol Infusor. 14 This device will infuse a solution at a rate of 2.0 ml/hour for 24 hours without an external power source. It is reliable, safe and disposable. Therefore the number of patients who can receive this type of analgesia is not limited by the number of syringe drivers or other electrical infusion devices available within the hospital.
Fentanyl was infused at a rate of 100 /Ag/hour for 24 hours beginning two hours before surgery. A bolus of a further 100/Ag was given at induction of anaesthesia. 15 Typical plasma fentanyl concentrations are shown in Figure 1 . Concentrations did not vary signjficantly from 30 minutes after the bolus until the end of the infusion. Analgesic assessment showed good relief of pain with infrequent need for supplementation with bolus injections of an analgesic drug. Respiration was not depressed significantly.
The pharmacokinetics of fentanyl given in this way did not differ between patients undergoing orthopaedic or upper abdominal surgery or in patients who had very long anaesthesia. In patients undergoing cardiopulmonary bypass, the clearance of fentanyl was reduced and the plasma fentanyl concentrations were higher than in other groups.
AI/aesthesia and IlIfensil'e Care. Vol. 15 In conclusion, constant rate opioid administration given for 24 hours from two hours before surgery may produce reliable and safe postoperative analgesia. It has the advantage of being simple to administer and does not require expensive apparatus which might limit the number of patients who may receive this therapy.
